Weak emission-line active galactic nuclei (WLAGNs) are radio-quiet active galactic nuclei (AGNs) that have nearly featureless optical spectra. We investigate the ultraviolet to mid-infrared spectral energy distributions of 73 WLAGNs (0.4 < z < 3) and find that most of them are similar to normal AGNs. We also calculate the covering factor of warm dust of these 73 WLAGNs. No significant difference is indicated by a KS test between the covering factor of WLAGNs and normal AGNs in the common range of bolometric luminosity. The implication for several models of WLAGNs is discussed. The super-Eddington accretion is unlikely the dominant reason for the featureless spectrum of a WLAGN. The present results favor the evolution scenario, i.e., WLAGNs are in a special stage of AGNs.
INTRODUCTION
The unified model of active galactic nuclei (AGNs) includes multiple structures around the central black hole, e.g., accretion disk, broad-line region (BLR), and dusty torus. In this model, the UV/X-ray photons from the accretion disk and corona ionize the gas in the BLR, giving rise to broad emission lines in the optical spectrum. The dust in the torus absorbs the radiation from the central engine and re-emits it in the infrared (IR) band, leading to the IR bump in the spectral energy distribution (SED). The AGNs would exhibit different characteristics with different orientations of the line of sight, which is the most important assumption in AGN unification (Antonucci 1993) .
As a subclass of AGNs, BL Lac objects are characterized by strong radio emission, polarized continua, rapid variation, and nearly featureless spectra (Urry & Padovani 1995) . According to the unified model of AGNs, they are explained by the small angle between the jet and the line of sight (Antonucci 1993) . Because of the dilution by the Doppler−boosted relativistic jet, there will be weak or even no emission lines. In the last decade, a handful of radio-quiet AGNs with weak emission lines (WLAGNs 3 ) are discovered (McDowell et al. 1995; Collinge et al. 2005; Diamond−Stanic et al. 2009; Shemmer et al. 2009; Plotkin et al. 2010a (P10a hereafter) ). Diamond−Stanic et al. (2009) reported the optical polarization of seven WLAGNs and found that the largest degree of polarization of these sources is 2.43%, which is lower than the nominal level of high polarization (degree of polarization ≥ 3%; Impey & Tapia 1990) . Heidt & Nilsson (2011) measured the optical polarization of 25 WLAGN candidates and found 23 of them are unpolarized. Gopal-Krishna et al. (2013) , Chand et al. (2014) , and Kumar et al. (2015) have monitored 15 WLAGNs and found all of them display intranight optical variability. They claimed that their variability duty cycles are higher than for radio-quiet quasars and radio lobe-dominated quasars. However, Liu et al. (2015) have not detected significant microvariations in eight WLAGNs. The properties of WLAGNs are different from those of BL Lac objects, but consistent with normal AGNs in most respects except for their featureless spectra. A radiatively inefficient accretion flow could cause weak emission lines (Yuan & Narayan 2004) , but the high luminosity of WLAGNs excludes this possibility. Plotkin et al. (2010b) investigated 13 radio-quiet BL Lac candidates and found that the relativistic beaming seems not to be the cause of weak lines. However, they cannot exclude the possibility of the existence of weak jets in some of these sources.
Several explanations have been proposed for the nearly featureless optical spectra of WLAGNs. Leighly et al. (2007a,b) considered that an extremely high accretion rate in WLAGNs will induce a soft ionizing continuum, which cannot produce enough high-energy photons for the BLR. Besides that, Wu et al. (2011) assumed that there is some shielding gas with a high covering factor between the accretion disk and BLR. It would absorb the high-energy ionizing photons from the accretion disk and prevent them from generating the emission lines in the BLR. This kind of "shielding gas" is further considered as a geometrically thick accretion disk formed by superEddington accretion (Luo et al. 2015) . Also, a cold accretion disk, formed by a massive black hole and a relatively low accretion rate, will not produce enough ionizing photons either (Laor & Davis 2011) . In these models, the weak emission lines are caused by insufficient ionizing photons. Thus, the IR luminosity of WLAGNs might be relatively lower than that of normal quasars.
Another model for the featureless optical spectra of WLAGNs is based on the unusual BLR, e.g., "anemic" BLR (Shemmer et al. 2010) . Niko lajuk & Walter (2012) estimated the covering factor of the BLR in WLAGNs from the equivalent width (EW) of C IV emission line and the ratio of X-ray to optical luminosity. They found that the covering factors of BLRs in WLAGNs are lower than those in normal quasars by a factor of 10. Niko lajuk & Walter (2012) argued that WLAGNs are the consequence of a low covering factor of the BLR. WLAGNs can also be in the early stage of AGN evolution. In this stage, the radiative feedback blows off the gas in the BLR and there will be no emission lines (Hryniewicz et al. 2010; Liu & Zhang 2011; Banados et al. 2014; Meusinger & Balafkan 2014) . textbfIn the case of an unusual BLR, the covering factors of tori of WLAGNs are unaffected and expected to be consistent with those of normal quasars.
The UV to mid-infrared (MIR) SEDs of WLAGNs are generally consistent with those of normal radio-quiet AGNs (Lane et al. 2011; Wu et al. 2012; Luo et al. 2015) , which are dominated by two bumps corresponding to the emission from the accretion disk and torus. We will expand the sample and focus on the UV to MIR SED, comparing the temperature of the torus of lowredshift WLAGNs with that of high-redshift WLAGNs in Lane et al. (2011) . Many works suggest that there are correlations between the covering factor of the torus and AGN properties, e.g., bolometric luminosity (L Bol ) and black hole mass (M BH ) (e.g., Maiolino et al. 2007; Treister et al. 2008; Mor & Trakhtenbrot 2011; Ma & Wang 2013) . This work will investigate the ratio of the MIR luminosity to the bolometric luminosity of WLAGNs, which corresponds to the warm dust covering factor of the torus (CF WD ). It is insightful to test whether WLAGNs follow the same correlation of normal radio-quiet AGNs. Furthermore, the value and distribution of CF WD of WLAGNs will be helpful in understanding their origin. Sample selection is shown in Section 2, and then the SED and investigation of covering factor are described in Section 3. We discuss the findings in Section 4.
SAMPLE SELECTION
Our samples are selected from Table 3 and 6 of P10a. P10a selected 723 optical BL Lac candidates from the Sloan Digital Sky Survey (SDSS; York et al. 2000 ) Data Release 7 (Abazajian et al. 2009 ) spectroscopic database. The selection criteria are: (1) no strong emission lines in the spectra, i.e., EW is smaller than 5Å in the rest frame; (2) if there is a CaII H/K break, then it must be smaller than 40%. The sources are defined as radio-quiet if the radio to optical spectral index α ro < 0.2.
4 As a result, there are 86 WLAGNs selected in table 6. In table 3, P10a listed 20 high-redshift WLAGNs (z > 2.2) with EW < 10Å for Lyα+N V in the rest frame. Six of these sources are already included in table 6. Thus there are 100 WLAGNs selected in P10a in total.
The SDSS spectra of the sample are inspected visually. Some absorbed AGNs, stars, and the sources with lowconfidence redshift are further removed from our sample. We also reject a few sources due to the limitation of our calculation method. 27 sources are removed and there are 73 WLAGNs in our final sample. Monet et al. 2003) . Since the proper motions of more than 99% of SDSS quasars are lower than 30 mas/yr (Schneider et al. 2007 ), we remove these three sources as stars. SDSS J121929.45+471522.8 shows a bluer spectrum than a normal BL Lac object in the optical region. Combining this with its nearly featureless spectrum, we consider it to be a DC white dwarf. Actually, SDSS J121929.45+471522.8 is listed as a DC white dwarf in the catalog of Rebassa-Mansergas et al. (2010) .
Absorbed AGNs

Low-confidence Redshift
It is hard to determine the redshift and further calculate the luminosity of some WLAGNs due to the lack of emission lines.
We remove four sources (SDSS J141200.04+634414.9, SDSS J110938.50+373611.6, SDSS J163322.48+422738.8, and SDSS J145514.09+235337.6) because of their lowconfidence redshifts.
The lack of data
The MIR photometric data are obtained from Widefield Infrared Survey Explorer (WISE ; Wright et al. 2010 ) All-Sky Data Release, but eight sources (SDSS J090107.64+384658.8, SDSS J093437.53+262232.6, SDSS J095438.39+234118.2, SDSS J103601.12+084948.4, SDSS J112809.07+022254.6, SDSS J140916.33-000011.2, SDSS J154146.37+263100.8, and SDSS J172858.15+603512.7) are not detected by WISE. Thus, we remove them from our sample. Furthermore, five sources (SDSS J084249.02+235204.7, SDSS J114153.34+021924.4, SDSS J121221.56+534127.9, SDSS J123743.09+630144.9, and SDSS J144803.36+240704.2) are removed due to our calculation methods (see the details in Section 3).
SED AND COVERING FACTOR
SED of WLAGNs
We use the photometric data from WISE, Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006) , UKIRT Infrared Deep Sky Survey (UKIDSS; Hewett et al. 2006) , Galaxy Evolution Explorer (GALEX ; Martin et al. 2005) , and SDSS Data Release 10 (DR10; Ahn et al. 2014) to construct the SEDs of WLAGNs. If the source is detected with less than 95% confidence, the flux of the aperture photometry is adopted as an upper limit. These multi-band data are not observed simultaneously. However, the amplitude of variability on the scale of years will not influence our results. The mean degree of optical variability of four WLAGNs in Plotkin et al. (2010b) is 0.09 mag, and they have been observed every year since 1998. Appendix Figure A1 presents the UV to MIR SEDs of 73 WLAGNs, which are generally consistent with the mean SED of typical quasars in Richards et al. (2006) .
The SEDs of three WLAGNs are not very consistent with the mean SED of normal AGNs. The optical spectrum and SED of SDSS J142116.23+052252.3 in the UV band are redder than normal AGNs, which is likely to be the consequence of galaxy absorption. The SEDs of SDSS J130312.89+321911.4 and SDSS J212756.67+004745.6 peak in the IR band, which is similar to BL Lac objects. They may still be radio-quiet BL Lac objects. However, these outliers will not influence our main conclusions.
A SED model that includes a power law with the form λL λ ∝ λ −α λ and a single-temperature blackbody is adopted to fit the UV to MIR SEDs of our WLAGNs, except for the three outliers discussed above. To compare the hot dust temperature of our WLAGNs with that of the high-redshift WLAGNs in Diamond-Stanic et al. (2009) and Lane et al. (2011) , the WISE W4 photometric data are removed from the fit to be consistent with the wavelength coverage in these two references. The two GALEX photometric data are also rejected, since the far−UV band is not well represented by a single power law. The best-fit models are presented in Appendix Figure A2 and parameters are shown in table 3. Our data points for the fit to every source are limited to between 8 and 11, which leads to large uncertainties in the best−fit parameters. Only 22 of 70 WLAGNs in our sample have an uncertainty of temperature lower than 15%. The temperature of hot dust of these 22 WLAGNs is in the range 905 K ≤ T ≤ 1386 K and the power-law slope is in the range 0.68 ≤ α λ ≤ 1.32.
We further construct a composite WLAGN UV to MIR SED of all our sources, except for SDSS J142116.23+052252.3, SDSS J130312.89+321911.4, and SDSS J212756.67+004745.6. We combine all photometric data points, excluding GALEX and WISE W4 as well. The monochromatic luminosity of each object is normalized by the mean monochromatic luminosity at the rest-frame 4200−4230Å. The data points from 70 Each object is normalized at rest-frame 4215Å. All photometric data points are combined and shown in gray. The solid red line shows the best-fit power law and the solid blue line shows the best-fit single-temperature blackbody. The sum of the two models is marked in green.
WLAGNs are binned into five rest-frame UV bins (1000 A−4160Å; SDSS), two optical bins (4300Å − 7450Å; 2MASS/UKIDSS), four near−IR bins (7850Å − 23800 A; WISE W1, W2), and two MIR bins (30000Å − 64240 A; WISE W3). Every bin in the same waveband has the same number of photometric data points. The standard deviation of the data points in each bin is considered as the error of λL λ in the composite SED. The luminosity of the composite SED is the mean luminosity of all individual SEDs contributing to the bin, and the mean wavelength of all data points in each bin represents the final wavelength of that bin in the composite SED (see Table 1 ). In Figure 1 we present the composite SED and the model. The best-fit power-law index and blackbody temperature are 0.76 ± 0.08 and 960 ± 170K respectively.
Covering Factor of warm dust in WLAGNs
We calculate the covering factor of the torus with the optical−ultraviolet spectra from SDSS DR10 and the IR photometric data from WISE. All SDSS spectra are corrected for galactic extinction by using the extinction curve of Fitzpatrick (1999) and the dust map in Schlegel et al. (1998) . For near-ultraviolet (NUV) continuum flux (F NUV ), we adopt three relatively line-free windows 2150-2200, 3030-3100, and 4150-4250Å of SDSS spectra and fit them in the rest-frame with a power-law function. The NUV flux is calculated by simply integrating the best-fitting power-law curve from 2000Å to 4000Å in the rest frame. Figure 2 (top) shows an example of this procedure. However, there are only eight sources with low redshift (0.76−1.17) in our sample that could be covered by all the three windows in the rest frame. For the sources with z > 2, there is just one window covered in the rest frame. To obtain reliable NUV flux, we add the J band (if available) when fitting in the rest frame for the sources with z > 1.9 (see an example in Fig-Figure 2 .
Typical fit in the optical/NUV rest frame using a power law (red line) for the low-redshift source SDSS J131059.78+560140.1 (z = 1.28; top) and the high-redshift source SDSS J082638.59+515233.2 (z = 2.85; bottom). The SDSS spectrum (gray) and the selected windows for the fitting procedure (black) are shown. 2MASS/UKIDSS J -band photometric data (triangles) are used for fitting high-redshift sources.
ure 2 (bottom)).
5 J -band photometric data are selected from 2MASS and UKIDSS. 12 of 28 sources with z > 1.9 are detected. For the remaining 16 sources without J band photometric data, we extend the fitting window from 2150-2200Å to 2125-2225Å to reduce the error of parameters. We removed four sources with z > 3 from our sample, since there will be no window covered in the rest frame.
Our method of calculating MIR flux (F MIR ) is similar to that in Ma & Wang (2013; MW13 hereafter) , which uses the photometric data from WISE W2, W3, and W4. Since the SEDs of quasars are relatively smooth in the MIR (Richards et al. 2006; Shang et al. 2011) , MW13 considered it approximately as a broken power law and fixed the effective wavelength of the W3 band in the rest frame as the turning point. The MIR flux is obtained by integrating the broken power law in the rest frame from 3 to 10 µm. The uncertainty of this approach is estimated in MW13. They applied the same method to the sample in Shang et al (2011) and compared the F MIR with the direct integration of IR spectra over the same wavelength range. The result of their method is higher than the direct integration by 3% on average, with a scatter of 8%. Thus we decreased the value of F MIR by 3% and adopted 8% as the uncertainty of the F MIR .
The correction on NUV and MIR flux has been fully discussed in MW13. In short, F NUV is corrected for 5 We ignored GALEX and 2MASS/UKIDSS data for the sources with z < 1.9, since they are far beyond the window 2000-4000Å in the rest frame, which is used in the calculation of NUV flux. dust extinction for the sources with NUV spectral slope α > −1.7. The correction factor is 3.5×10 0.322α , which is derived from the relation between log(F MIR /F NUV ) and α. Due to the contribution from the accretion disk and star formation in the MIR band, F MIR is corrected by subtracting 0.093F NUV from it. With the assumption of isotropic NUV and MIR emission, the MIR luminosity (L MIR ) and NUV luminosity (L NUV ) can be calculated from F MIR and F NUV , respectively. We adopt bolometric correction BC = 4.34 following MW13, which is calculated from the composite SED of optical blue quasars in Richard et al. (2006) 
MW13 calculated the covering factor of the warm dust in 17,639 normal quasars with 0.76 ≤ z ≤ 1.17 and found a significant anticorrelation between CF WD and bolometric luminosity. Our sample is too small to detect the anticorrelation. Thus we compare only the distribution of covering factors between normal quasars and the 73 WLAGNs selected above (Figure 3) . Most of our sources are located in the luminosity range from log(L Bol /erg s −1 ) = 46.3−47.0 due to the relatively high redshift of the sample. Therefore, only the normal quasars and WLAGNs in the common luminosity range, i.e., log(L Bol /erg s −1 = 46.3-46.9 (1667 quasars and 50 WLAGNs), are selected to compare the distribution of their covering factor by a KS test. No significant difference is detected (p-value = 0.147). We have also tried different choices of the luminosity range, e.g., log(L Bol /erg s −1 ) = 46.3-46.8 and 46.3-47.0. The difference is still not significant (p-value = 0.103 and 0.107, respectively). suggests that the origin of their continua is likely to be the accretion disk. The composite SED of 70 WLAGNs has been well fitted by a power law (α λ = 0.76) and a single-temperature black body (T = 960 K). These parameters are consistent with those of the high-redshift WLAGNs (2.7 ≤ z ≤ 5.9; 0.42 ≤ α λ ≤ 1.21 and T ∼ 1000 K) in Lane et al. (2011) , suggesting that there is no significant evolution of the SEDs of WLAGNs with redshift. We have also calculated the covering factor of warm dust and found that there is no significant difference in CF WD between normal AGNs and WLAGNs. Plotkin et al. (2015) found that, although high-ionization emission lines (i.e., C IV) of WLAGNs are weak, their low-ionization lines (e.g., H β, Mg II) remain relatively normal. Since the torus is located in the outer region of BLR, its properties (e.g., covering factors) are likely to be similar to those of normal quasars. Our results can provide some constraints on the models of WLAGNs. Luo et al. (2015) assumed that the slim disk can play the role of shielding gas. However, the illumination on the torus will be suppressed by the self-occultation of the optically and geometrically thick disk (Kawaguchi & Mori 2011; Kawakatu & Ohsuga 2011) .
Insufficient Ionization Photons?
7 Kawakatu & Ohsuga (2011) investigated the strength of IR emission from the AGNs with sub-or super-Eddington accretion flows, by considering the anisotropic radiation flux of accretion disk. They showed that for the sub-and superEddington AGNs with the same covering factor as the torus, the ratio of IR luminosity to bolometric luminosity (L IR /L Bol ) of super-Eddington AGNs is significantly less than that of sub-Eddington AGNs (see Figure 2 in Kawakatu & Ohsuga 2011) . In order to increase the observed L IR /L Bol of super-Eddington AGNs to be comlow-luminosity sources with weak or even no emission lines (Finke 2013) . (Figure 4) 7 For the slim disk, L MIR /L Bol will not represent the covering factor of warm dust, because the radiation from accretion disk is anisotropic. Note.
-The values of L/L Edd here are obtained from Plotkin et al. (2015) .
parable with that of sub-Eddington AGNs, the torus of super-Eddington AGN should have a large scale height. However, under the radiative feedback from the superEddington accretion disk, the scale height of a torus will be even smaller than that of sub-Eddington ones (combining the anisotropic radiation of super-Eddington accretion in Kawakatu & Ohsuga [2011] Leighly et al. (2007a,b) considered that the featureless spectrum is a consequence of a soft continuum induced by the super-Eddington accretion. Plotkin et al. (2015) and Shemmer & Lieber (2015) calculated the Eddington ratios of 10 WLAGNs in total (0.3 ≤ L/L Edd ≤ 1.3), based on the FWHM of the Hβ line and the monochromatic luminosity at rest-frame 5100Å. However, only two of them are super-Eddington and the uncertainties of Eddington ratios are large (errors of log(L/L Edd ) are larger than 0.3 dex in Shemmer& Lieber [2015] ). Niko lajuk & Walter (2012) calculated the Eddington ratios of 76 WLAGNs from FWHM(C IV). Only 12 sources are super-Eddington ones and the errors are large as well. Table 2 shows the L MIR /L Bol of 5 common WLAGNs in our sample. Even for the source (SDSS J144741.76-020339.1) with the highest Eddington ratio (L/L Edd = 1.3), L MIR /L Bol is still normal. It seems that the accretion rate of WLAGNs is relatively higher than than of a normal AGN, but this is unlikely the dominant reason for the featureless spectrum of WLAGNs.
A cold accretion disk, proposed by Laor & Davis (2011) , will induce a SED with a steep fall in UV. This type of SED is observed in SDSS J094533.99+100950.1 by Hryniewicz et al. (2010) . We have not found this special shape of SED in our sample. In fact, Plotkin et al. (2015) estimated the black hole mass and Eddington ratio of SDSS J094533.99+100950.1 and some other WLAGNs from the Hβ line and found that these sources do not satisfy the criteria for a cold accretion disk.
An Unusual BLR
An unusual BLR of WLAGNs can still explain the present results. Since the scale of the torus is much larger than the accretion disk, it should form first and is likely to feed the accretion disk. Therefore, the BLR should be formed after the torus and accretion disk. Hryniewicz et al. (2010) proposed a phase (∼ 10 3 yr) that exists in the early stage of AGN evolution. In this stage, the BLR has not yet fully formed. The gas close to the accretion disk that produces low-ionization emission lines is formed earlier than the gas away from the disk that produces high-ionization emission lines. This will result in a low covering factor of BLR, which is consistent with the conclusion of Niko lajuk & Walter (2012). In the evolution scenario, the high-ionization emission lines are expected to be weak while the low-ionization lines should be normal, which is confirmed by Plotkin et al. (2015) as well. Hryniewicz et al. (2010) also estimated the duty cycle of WLAGNs and found that it is consistent with the fraction of WLAGNs in SDSS quasars, though the sample is not complete. If WLAGNs are indeed in a special stage of AGNs, their fraction should be the function of redshift. A future large sample of WLAGNs with well known incompleteness could examine this evolution scenario more quantitatively.
A larger sample of WLAGNs will be helpful in clarifying the correlations of CF−L Bol and CF−M BH , if the M BH could be determined, e.g., from the Hβ line.
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b The unit of the flux is 10 −13 erg s −1 cm −2 . Figure A1 . The UV to MIR SED of 73 WLAGNs. The photometric data points are from GALEX (squares), SDSS (plus), 2MASS or UKIDSS (triangles), and WISE (diamonds). The solid curve is the mean SED of a normal AGN in Richards et al. (2006) .
APPENDIX
THE UV TO MIR SEDS OF WLAGNS
